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© Estrogen-containing gel preparation. 

© An estrogen-containing gel preparation is disclosed, which comprises a substrate having on one surface 
thereof a crosslinked gel layer formed by crosslinking a composition comprising the following ingredients (a) to 
(c), the weight ratio of the ingredient (b) to the ingredient (c) being from 1.0/0.25 to 1.0/2.0: 

(a) estrogen; 

(b) an acrylate polymer; and 

(c) a liquid ingredient compatible with the ingredient (b). 
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ESTROGEN-CONTAINING GEL PREPARATION 



FIELD OF THE INVENTION 

The present invention relates to an estrogen-containing gel preparation which is to be applied to the 
surface of the skin so as to continuously administer estrogen to the living body via the skin surface. 

BACKGROUND OF THE INVENTION 

Recently various percutaneous preparations in the form of a preparation to be applied to the skin (for 
example, plaster, tape, etc.), whereby a drug is administered to the living body via the skin surface, have 
been developed. 

As an example of an estrogen preparation in the form of the percutaneous preparation, a patch-type 
estradiol preparation which comprises ethanol as an aid for percutaneous absorption has been already 
developed and brought substantial results, as described, e.g., in JP-A-57-154122. The tern "JP-A" as used 
herein means an "unexamined published Japanese patent application". Further, a percutaneous preparation 
containing estradiol which can release a definite amount of estradiol for a prolonged period of time while 
scarcely causing skin irritation is proposed, as described, e.g.. in J P-A-2- 102655. 

In the aforesaid patch-type preparation containing ethanol, however, it is required to retain a large 
amount of a water-ethanol mixture, which makes the preparation thick. As a result, it gives a feeling of 
physical disorder when applied to the skin. It is sometimes observed, furthermore, that an adhesive 
employed for fixing the preparation onto the skin is plasticized by the ethanol and thus stains the surface of 
the skin. 

In the case of the latter preparation described above, on the other hand, the solubility of estradiol is 
elevated by using an adhesive comprising a specific copolymer as the main component to thereby increase 
the estradiol content. Although it shows a satisfactory sustained release, therefore, it cannot be regarded as 
an excellent preparation from the viewpoint of the releasing dose. 

Namely, because estrogen has a poor solubility in common adhesives, when a therapeutically effective 
amount of estrogen is added to an adhesive, the estrogen would crystallize out from the adhesive. Then, 
the crystals grow and thus the concentration of the dissolved estrogen is lowered, which seriously lowered 
the amount of the estrogen to be percutaneously absorbed. When an adhesive, in which estrogen shows a 
high solubility, is employed, the solubility can be elevated. In this case, however, there is a possibility that 
the estrogen is released only in an insufficient amount per unit time. 

SUMMARY OF THE INVENTION 

Under these circumstances, the present inventors have conducted extensive studies in order to solve 
the above problems. As a result, it has been found that a decrease in the cohesive power of the adhesive 
can be prevented and the stress applied to the skin surface upon the separation of the preparation can be 
relieved and dispersed so as to achieve well-balanced skin adhesiveness and skin irritativeness by blending 
an acrylate polymer, in which estrogen is highly soluble, with a relatively large amount of a liquid ingredient 
at a specific ratio and subjecting the thus-obtained composition to crosslinking. to thereby give an oily 
crosslinked gel layer while preventing the crystallization of the estrogen, thus completing the present 
invention. 

An object of the present invention is to provided an estrogen-containing percutaneous preparation 
capable of continuously administering estrogen to the living body. 

Other objects and effects of the present invention will be apparent from the following description. 

The present invention provides an estrogen-containing gel preparation which comprises a substrate 
having on one surface thereof a crosslinked gel layer formed by crosslinking a composition comprising the 
following ingredients (a) to (c), the weight ratio of the ingredient (b) to the ingredient (c) being from 1.0/0.25 
to 1 .0/2.0: 

(a) estrogen; 

(b) an acrylate polymer; and 

(c) a liquid ingredient compatible with the ingredient (b). 
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5 DETAILED DESCRIPTION OF THE INVENTION 

polyester, nylon. Saran resins, polyethylene, ^ opj ■ P°' yV '" y ^ e „ as |amina J e films comprising 
viewpoint of the improvement of the anchoring effect aforesaid substrate is 
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pyrimidine, vinyl pyrazine, vinyl piperazine, vinyl pyrrolidone, methyl vinyl pyrrolidone, vinyl piperidone. 
vinyl pyrodin, vinyl pyrrole, vinyl imidazole, vinyl pyrazole, vinyl imidazoline; vinyl oxoazole and acryloyl 
morpholine. Among these, acrylamide, vinylpyrrolidone and methyl vinyl pyrrolidone are preferably used. 
Either one of these monomers or a mixture thereof may be used. These monomers may be replaced by 

5 their derivatives substituted with lower alkyl groups or various isomers. 

In the present invention, it is preferred that the above-mentioned (meth)acrylate(s) and vinyl monomers 
are further copolymerized with (meth)acrylic acid. The addition of the (meth)acrylic acid, even in a small 
amount, would improve the cohesive power of the crosslinked gel layer. Furthermore, it exerts a useful 
effect in the crosslinking reaction as described in detail hereinafter. 

10 The ratio of the above-mentioned monomers at the copolymerization may be arbitrarily selected 
depending on the gel properties of the target gel preparation and the release property of the estrogen. The 
weight ratio of the alkyl (meth)acry late/the vinyl monomer having a saturated or unsaturated heterocyclic 
ring having at least one nitrogen atom as a side chain/the (meth)acrylic acid is preferably (54.2-90)/(4-39.8)/- 
(0.2-6), more preferably (89-63)/(1 0-32)/(1 -5), while the total amount of these comonomers being 100. 

15 The liquid ingredient (ingredient (c)) used in the present invention has a high compatibility with the 
above-mentioned acrylate polymer (ingredient (b)). The ingredient (c) moderately plasticizes the crosslinked 
gel layer and thus imparts a flexible texture, to thereby relive a pain or skin irritativeness caused by the skin 
adhesiveness upon the separation of the. crosslinked gel layer from the akin surface. Since the crosslinked 
gel layer is plasticized thereby, furthermore, the estrogen contained in the crosslinked gel layer can be 

20 freely dispersed, thus achieving an improved release property. Therefore, the liquid ingredient may be 
selected from among materials having a plasticizing effect. A substance which further has an absorption- 
promoting effect may be selected therefor to thereby improve the percutaneous absorption of the 
pharmaceutical component used together. 

Examples of the liquid ingredient include fats and oils such as olive oil. castor oil, squalane and lanolin; 

25 organic solvents such as dimethyl decyl sulfoxide, methyl octyl sulfoxide, dimethyl sulfoxide, dimethylfor- 
mamide, dimethylacetamide, dimethyllaurylamide, dodecylpyrrolidone and isosorbitol; liquid surfactants; 
plasticizers such as diisopropyi adipate, phthalates and diethyl sebacate; hydrocarbons such as liquid 
paraffin; ethoxylated stearyl alcohol, glycerol esters, isopropyl myristate, isotridecyl myristate, ethyl laurate, 
N-methylpyrrolidone, ethyl oleate, oleic acid, isopropyl adipate. isopropyl palmitate, octyl palmitate and 1,3- 

30 butanediol. Among the above, isopropyl myristate, isotridecyl myristate, ethyl oleate and octyl palmitate are 
preferably used. Either one of these substances or a mixture thereof may be used. 

The aforesaid acrylate polymer (ingredient (b)) and the aforesaid liquid ingredient (ingredient (c)) is 
preferably contained in the crosslinked gel layer at a weight ratio of from 1.0/0.25 to 1.0/2.0, more 
preferably from 1.0/0.4 to 1.0/2.0 and still preferably from 1.0/0.6 to 1.0/1.8. In contrast, a conventional 

35 preparation usually contains a liquid ingredient at a weighs ratio less than 1 .0/0.25. Such a low content of 
the. liquid ingredient would sometimes make it impossible to achieve a satisfactory percutaneous absorption 
of estrogen from a practical viewpoint. 

In the present invention, the ingredients (a) to (c) are blended together and then crosslinked by an 
appropriate crosslinking procedure so as to give a gel, thus preventing the leakage of the liquid ingredient 

40 contained in the preparation and imparting a cohesive power, as described above. Usually, the aforesaid 
ingredient (b) would undergo the crosslinking reaction. The crosslinking may be effected by a physical 
meals such as irradiation (for example, UV irradiation or electron beam irradiation) or a chemical means with 
the use of a crosslinking agent (for example, polyisocyanate compound, organic peroxide, organic metal 
salt, metal alcholate, metal chelate compound, polyfunctions compound). 

45 Among these crosslinking procedures, irradiation or the use of an organic peroxide might sometimes 
induce decomposition. Further, the use of a highly reactive isocyanate or a metal salt or an organic metal 
salt commonly used in crosslinking reactions might sometimes cause an increase in the viscosity of the 
solution, which lowers the workability thereof. It is also possible to preliminarily copolymerize a polyfunc- 
tional monomer such as diacrylate with the acrylate polymer. In this case, however, there is a possibility 

so that the viscosity of the solution would increase at the polymerization. 

In the present invention, therefore, it is preferred to select a trifunctional isocyanate or a metal alcholate 
or a metal chelate compound comprising titanium or aluminum from among the aforesaid crosslinking 
agents, from the viewpoints of reactivity and handling. These crosslinking agents would not cause any 
increase in the viscosity of the solution until the completion of the application and drying, which means that 

55 they are excellent in workability. When these corsslinking agents are used, the crosslinking reaction can be 
effected to a certain extent by coating and drying the gel layer, but the coated and dried gel layer is 
preferably aged at from 40 to 70 *C for stabilizing the properties of the gel layer. The aging time varies 
depending on the addition amount and the kind of the functional groups of the corssliking agent, and is 
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.. . inn onont nreferablv used in an amount of from 0.01 to 2.0 
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L preparation of the present .nvent.on De Teduced. Thus, the estrogen-containing gel 
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preparation of the present invention 
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EXAMPLE 1 

75 Parts of 2-ethylhexyl acrylate, 22 parts of N-vinyl-2-pyrrolidone and 3 parts of acrylic acid were 
copolymerized in ethyl acetate under an inert gas atmosphere to thereby give an acrylic copolymer 
5 solution. 

To 47.5 parts of the solid content of the above solution, 2.5 parts of estradiol and 50 parts of isopropyl 
myristate was added. To 99.8 parts of the above acrylic copolymer, 0.2 parts of aluminum tris- 
(acetylacetonate) which was in the form of a 10% solution in acetylacetone was added. Further, ethyl 
acetate was added thereto so as to adjust the viscosity of the mixture. 
w The viscous solution thus-obtained was applied to a polyester separator (thickness: 75 /*m) in such a 
manner as to give a thickness of 40 fim after drying. After drying and crosslinking, a crosslinked gel layer 
was formed. 

The crosslinked gel layer thus-obtained was adhered to the nonwoven fabric face of a laminate film (i.e., 
a substrate), which was obtained by extruding polyester having a thickness of 2 fim on a polyester 
rs nonwoven fabric (12 g/m 2 ). Thus, a gel preparation of the present invention was obtained. 

EXAMPLE 2 

The procedure of Example 1 was repeated except that the isopropyl myristate was replaced by ethyl 
20 oleate and that the aluminum tris(acetylacetonate) employed as a crosslinking agent was replaced with ethyl 
acetate aluminum diisopropylate. Thus, a gel preparation of the present invention was obtained. 

EXAMPLE 3 

25 The procedure of Example 1 was repeated except that the isopropyl myristate was replaced by octyl 
palmitate and that the aluminum tris(acetylacetonate) employed as a crosslinking agent was replaced with 
trifunctional isocyanate ("Coronate HL" manufactured by Nippon Polyurethane Co., Ltd.). Thus, a gel 
preparation of the present invention was obtained. 

30 EXAMPLE 4 

The procedure of Example 1 was repeated except that the isopropyl myristate was replaced with 
isotridecyl myristate. Thus, a gel preparation of the present invention was obtained. 

35 EXAMPLE 5 

The procedure of Example 1 was repeated except that the estradiol was replaced with estrone. Thus, a 
gel preparation of the present invention was obtained. 

40 EXAMPLE 6 

The procedure of Example 1 was repeated except that the estradiol was replaced with estriol. Thus, a 
gel preparation of the present invention was obtained. 

45 COMPARATIVE EXAMPLE 1 

The procedure of Example 1 was repeated except that 2.5 parts of estradiol was added to 97.5 parts of 
the solid content of the acrylic copolymer solution obtained in Example 1 and that ethyl acetate was further 
• added thereto so as to control the viscosity. Thus, a crosslinked percutaneous preparation free from any 
so liquid ingredient was obtained. 

COMPARATIVE EXAMPLE 2 

The procedure of Comparative Example 1 was repeated except that 5 parts of estradiol was added to 
55 95 parts of the solid content of the copolymer solution. Thus, a crosslinked percutaneous preparation free 
from any liquid ingredient was obtained. 

COMPARATIVE EXAMPLE 3 
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■ r= ^ni* 1 was reoeated except that no crosslinking agent was added. 

COMPARATIVE EXAMPLE 4 

, nf Examo.e t was repeated except that no cross.inking agent was added. Thus, an 

test which will be described hereinafter. 
COMPARATIVE EXAMPLE 5 

"^iw/j sr-rss - r^rm 5 saw. 

TEST EXAMPLE 

2 w eks S these samples were subiected to the following tests. 
Table 1 and Figures 1 and 2 show the results. 

Rabbit patch test 

application. The results obtained are shown in Table 1. 
Release in water test 
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TABIiS 1 
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As Table 1 and Figures 1 and 2 show, the estrogen-containing gel preparation according to the present 
invention shows the migration of an extremely large amount of estradiol into the skin and releases an 
extremely large amount of estradiol, compared with the comparative products. 

While the invention has been described in detail and with reference to specific examples thereof, it will 
be apparent to one skilled in the art that various changes and modifications can be made therein without 
departing from the spirit and scope thereof. 
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Claims 
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55 4. 



An estrogen-containing gel preparation comprising a substrate having on one surface thereof a 
crosslinked gel layer formed by crosslinking a composition comprising the following ingredients (a) to 
(c), the weight ratio of said ingredient (b) to said ingredient (c) being from 1 .0/0.25 to 1 .0/2.0: 

(a) estrogen; 

(b) an acrylate polymer; and 

(c) a liquid ingredient compatible with said ingredient (b). 

An estrogen-containing gel preparation as claimed in claim 1, wherein said ingredient (b) is a acrylic 
copolymer obtained by copolymerizing an alkyl (meth)acrylate, a vinyl monomer having a saturated or 
unsaturated heterocyclic ring having at least one nitrogen atom on a side chain of said vinyl monomer 
and (meth)acrylic acid. 

An estrogen-containing gel preparation as claimed in claim 1, wherein said ingredient (a) is estradiol. 

An estrogen-containing gel preparation as claimed in claim 1 , wherein the weight ratio of said ingredient 
(b) to said ingredient (c) being from 1 .0/0.4 to 1 .0/2.0. 



5. An estrogen-containing gel preparation as claimed in claim 4, wherein the weight ratio of said ingredient 
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(b) to said ingredient (c) being from 1.0/0.6 to 1.0/1.8. 

per 100 parts by weight of said aery late polymer. 
10. An estrogen-containing gel preparation as claimed in claim 1, wherein the thickness of said crosslink 
gel layer is from 10 to 300 fim. 
20 11. An estrogen-containing ge. preparation as claimed in claim 10, wherein the thickness of said cross.in- 
ked gel layer is from 40 to 150 *mn. 
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Figure _1 
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